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ABSTRACT 

This  report  contains  a  presentation  of  peak  overpressure  versus  soul tu\ 
distance  values  derived  from  empirical  measurements  made  by  Canada,  tin: 
United  Kingdom  and  the  United  States .  The  measurements  were  made  on  So 
and  100  ton  TNT  surface  bursts.  The  charges  were  hemispherical  In  shape  mu 
the  instrumentation  included  overpreusure  ver*",i  time  gages  and  the  plioto- 
opbical  shock  front  velocity  technique  for  determining  peak  overpressure. 
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OBJECTIVES 

The  primary  objective  of  thio  report  is  to  present  a  compilation  of 

overpreoaure  measurements  obtained  from  a  series  of  TNT  detonations.  For 

many  years  there  has  been  a  need  for  a  reliable  surface  burnt  peak  overpressure 

versus  distance  curve  extending  from  2000  psi  to  .01  psl.  Curves  presenting 

overpressure  versus  radial  distance  (measured  and  theoretical)  have  been 

available  for  many  years  for  spherical  charges  detonated  in  free  air.  This 

is  not  true  however,  for  curface  burst  overpressure  curves  which  in  general 

have  been  over  a  limited  range  of  overpressure,  and  based  on  either  small 

charges  or  charges  fired  under  various  environmental  conditions,  making 

reliable  scaling  difficult.  It  io  the  objective  of  this  report  to  combine 

measurements  made  by  Canadian,  United  Kingdom  and  United  States  scientists 

\ 

into  one  report  which  might  b«  uoed  no  a  standard  for  TNT  surface  bursts. 


BACKGROUND 

The  Guf. field  Experimental  Station  (GEU)  working  under  the  guidance  of 

the  Defense  Research  Board  of  Canada  began  a  series  of  field  experiments 

relating  to  blast  and  shock  using  yields  of  tons  of  TNT  in  ! 959.  The  U.  G, 

vao  invited  to  participate  in  one  of  the  trials  in  September  J  </yj.  We 

accepted  thio  Invitation,  and  sent  a  blast  team  from,  the  Ballistic  Research 

Laboratories  (BRL)  to  establish  a  blast  line  and  to  measure  the  overpressure 

versus  time  at  selected  distances  from  ground  zero.  The  preliminary  results 

were  reported  in  a  technical  paper  published  by  OKS  with  a  very  limited 

distribution^.  The  results  obtained  by  the  Canadian  team  were  reported  in 

(S’) 

Suf field  Technical  Paper  No.  205  along  with  results  of  four  other  '}  ton 
shots.  The  Canadian  results  were  primarily  peak  overpressure  values  obtained 
from  6.  photo-optical  technique. 

In  I960  a  20  ton  TNT  test  wao  conducted  at  SEC*  and  again  the  U.  G. 
sponsored  several  projocts.  One  of  the  major  projects  from  the  II.  G.  was 
the  measurement  of  overpressure  versus  distance  by  BRL.  The  United  Kingdom 
(UK)  also  participated  with  several  projects,  one  of  which  wan  also  to 
measure  overpressure  versus  distance.  A  Tripartite  blast  line  was 
established  and  the  three  countries  placed  various  pressure  transducers 
at  aim Liar  distances  along  the  blast  line*  for  comparison.  The  rei.ul  ts 
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from  the  tripartita  blast  line  were  published  in  Suf field  Report  No.  20 3 

A  third  test  in  which  the  BRL  participated  was  tho  1961  Canadian  .100 

ton  TNT  trial.  Here  again  Canada,  the  U.  K.  and  the  U.  s.  instrumented 

blast  lines  and  recorded  the  overpressure  versus  time  at  selected  distance! 

from  ground  zero.  The  results-  from  this  test  have  not  been  published 

in  final  form  by  all  participants  although  preliminary  data  is  available. 

The  final  U.  3.  data  are  available  in  a  BRL  report^  and  the  preliminary 

( rA 

data  from  Canada  were  obtained  from  private  correspondence  .  Data  from 
the  U.  K.  arc  reported  in  reference  (6)  and  have  also  been  compiled  In  tin* 
report. 


RESULTS 

The  values  of  peak  overpressure  measured  by  the  various  countries  and 

x 

presented  in  tho  referenced  sources  were  all  sealed  to  a  one  pound  equivalent, 
at  standard  oau-lavel  conditions.  A  total  of  2 '/A  data  points  was  used  l.n 
establishing  the  curve  as  presented  in  Figure  .1.  These  points  were  punched 
on  IBM  cards  as  sealed  distance  (x)  versus  sealed  overpressure  (l\.  1. 

(X)  is  a  scaled  distance  and  equals n/W*^'whore  R  »  actual  distance  In  iVi-t 
and  W  ■  yield,  in  pounds.  Therefore,  X  is  equal  to  R  for  a  one  pound  ehuri'e. 
The  logarithms  corresponding  to  these  data  points  were  computed,  and  by  a 
method  of  least  squares  the  coefficients  for  a  polynomial  equation  were 
derived.  The  result  is: 


tn  '  _  .  7.0452041  -  1.6277561  X  -  .27399033  x:: 

-  .0659731 36  y?  +  .0065412563  X1'  +  .0432 36359  (l 

-  .020072553  T"  +  .0030190449  Xr  -  .000.15934026  x'1 

where  X  ■  lop.  X 

with  X  values  from  0.5  to  440. 


This  equation,  while  fitting  the  points  well  over  the  range  of  value:, 
given,  would  be  misleading  if  used  in  the  very  low  pressure  region  (below 
0.2  pol).  Therefore,  all  valueo  beyond  u  X  of  40  were  processed  through  the 
computer,  assuming  an  exponential  decay  and  the  following  equation  was 
derived  for  the  low  pressure  range. 


p 


226.61762 


x-l. 4065913 


1000. 
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Equation  1  and  2  were  combined  to  produce  the  valueo  listed  in  Table  T. 
Selected  values  of  X  were  put  into  equation  l  and  values  of  peak  overpressure 
were  computed  from  x  •  >50  to  x  *  70.  Equation  2  was  used  from  x  «  Tj  to  x  >■  .1000. 
The  resulting  pressure  versus  distance  values  calculated  from  equation  .1 
and  2  are  listed  in  Table  I  and  plotted  in  Figure  I.  It  is  felt  that  thlu 
curve  is  the  best  empirical  curve  available  to  date. 


SCALING 

To  use  the  table  or  plotted  curve  for  predicting  pook  overpressure  versus 
distance  for  other  TNT  yieldu  at  other  than  standard  sea  level  conditions, 
standard  scaling  procedures  should  bo  used.  The  scaling  factor  S.  for 
distance  may  be  calculated  from 

\ 

sd  »|\w-— PDl  |  1//J  ( 

whero  W  ■  Yield  in  pounds 

■  Ambient  atmosphere  at  altitude  (poi). 

Therefore  X  times  Sd  will  give  the  new  distance. 

Whoa  scaling  the  peak  ovorpresoure  to  be  expected  where  the  ambient 

atmosphere  is  other  than  D(..696  pel  a  scaling  factor  U  should  bs  used. 

P 

The  factor  S  may  be  calculated  from 
P 

GP  •  [  iar“]  ( 

where  *  Ambient  atmospheric  pressure  at  altitude  (poi).  Therefore  :■ 
times  the  peak  overpressure  listed  in  the  table  or  taken  from  the  curve  will 
give  the  new  preoeure  value. 


4V0/» 
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COMPARISONS 


In  on  effort  to  determine  the  reliability  of  the  values  computed  from 
the  equations  and  the  measured  valueo  tho  following  method,  of  comparison  war. 
established.  The  sealed  overpressures  versus  diotanceo  (x)  were  compared  wlt.h 
calculated  overpressures  at  a  similar  scaled  diatanco  X.  Tho  comparison 
consistod  of  establishing  the  difference  (plus  or  minus)  between  the  two 
overpressures  and  then  calculating  the  percentage  or  relative  error  between 
the  computed  value  and  the  scaled  measured  value.  The  positive  relative 
errors  were  summed  end  divided  by  the  number  of  values  to  establish  the  mean 
positive  rol&ti vo  error.  The  same  procedure  wan  uoed  to  establish  tho  moan 
negativo  relative  error.  From  these  two  values  one  can  determine  how  well 
the  computed  valueo  compare  with  the  measured  values  on  a  percentage  basin. 

There  wore  45  datum  points  used  from  the  5  ton  shot  and  of  those  27 
points  wore  positive  with  positive  relative  error  of  7-48  percent.  There  v.-ro 
18  negativo  points  with  a  relative  error  of  4.86  percent.  This  implies  of 
course  that  60  percent  of  the  data  fell  on  average  of  7,48  percent  above  the 
curve  and  40  percent  of  the  data  fell  an  average  of  4.86  percent  below  the  curv 


There  was  a  total  of  140  datum  points  compiled  from  the  20  ton  shot.  Of 
those  64  were  positive  with  a  mean  positive  relative  error  of  4.12  percent  tui.l 
76  were  negative. with  a  mean  negative  relative  error  of  7.20  percent,  Tln.re'.'oi 
45.7  percent  of  the  measured  valueo  were  an  average  of  4.12  percent  above  Urn 
computed  values  while  54.3  percent  foil  an.  average  of  7.20  percent  below  th" 
computed  values. 


From  the  100  ton  shot  a  total  of  80  datum  points  was  used.  There  wore 
45  polnto  positive  with  u  mean  relative  error  of  8.20  percent  and  43  points 
negative  with  a  mean  relative  error  of  6.44  percent.  This  implies  that 
approximately 51  percent  of  the  measured  polnto  fell  an  average  of  8,20  percent 
above  the  computed  values  and  49  percent  of  the  measured  points  full  an  average 
of  6.44  percent,  below  the  computed  values. 


For  a  final  comparison  a  total  of  273  datum  points,  compiled  from  the 
measurements  made  on  the  tlireo  shots,  was  used.  Thorn  were  1  36  points  p> .s l live 
with  a  mean  relative  error  of  6.14  percent  and  137  points  negative  with  a 
mean  relative  error  of  6.65  percent.  This  means  approximately  '/)  percent, 
of  the  measured  points  fell  an  average  of  6.14  percent  above  the  computed 
values  while  50  percent  foil  an  average  6.65  percent  below  the  competed  vein.  . 


Since  there  are  some  isolated  points  which  indicate  large  relative  error/: 
and  tend  to  outweigh  the  smaller  values  listed  an  investigation  of  the  l’renueiiey 
distribution  of  the  points  was  made  and  the  results  are  presented  in  Table'  IT. 
From  the  table  it  can  be  seen  that  approximately  two  thirds  of  all  datum  point:; 
-lie  within  the  two  average  relative  error  values  of  +6. it  percent  and 
-6.65  percent. 


B.  F.  PANNIM 
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DISTRIBUTION  OF  DATUM  POINTS  WITHIN  SELECTED  RELATIVE  ERROR  RANGE 


POSITIVE 

RELATIVE 

ERROR 

KUH8ER 

OF 

POINTS 

NEGATIVE 

RELATIVE 

ERROR 

- 1 

NUMBER 

OF 

POINTS 

RANGE  OF 

RELATIVE 

ERROR 

GC  to 

UJ 

^  u-  =t 

*  o  ~ 

=>  J? 

ac 

PERCENT 

OF 

TOTAL 

POINTS'* 

PERCENT* 

PERCENT- 

PERCENT  £ 

PERCENT 

l 

23 

l 

20 

1 

43 

15.7 

2 

18 

2 

18 

2 

79 

29.0 

3 

16 

3 

17 

V  3 

1 12 

4  L.O 

4 

10 

4 

15 

4 

137 

50.0 

5 

11 

5 

10 

5 

158 

57.8 

6 

7 

6 

6 

6 

171 

62.5 

7 

4 

7 

3 

7 

178 

65.0 

8 

5 

8 

9 

.  8 

192 

70.2 

9 

6 

9 

2 

9 

200 

73.1 

10 

9 

10 

5 

10 

214 

78.2 

11 

5 

11 

5 

11 

224 

82.0 

12 

4 

12 

4 

12 

232 

85.0 

13 

6 

13 

4 

13 

242 

C8.5 

0 

14 

4 

14 

246 

90.0 

15 

5 

15 

0 

15 

251 

92.0 

16 

l 

16 

l 

16 

253 

92.5 

17 

1 

17 

l 

17 

255 

93.5 

18 

1 

18 

0 

18 

256 

93.6 

19 

3 

19 

1 

19 

260 

95.0 

20 

1 

20 

3 

20 

264 

96.6 

21 

0 

21 

2 

21 

266 

97.4 

.22 

0 

22 

1 

22 

267 

97.6 

23 

0 

23 

2 

23 

269 

98.4 

24 

0 

24 

1 

24 

270 

98.9 

25 

0 

25 

1 

25 

271 

99.0 

26 

0 

26 

l 

26 

272 

99.5 

27 

c 

27 

l 

27 

273 

100.0 

* 


r 


Si 

I. 


t  ■ 

fc; 

X 

& 

r*. 


f 

i 


5 

r 

t 

A 

t 

I 


I 

t- 


TOTAL  NUMBER  OF  POINTS  HAS  273 


DISTRIBUTION  LI3T 


No.  of 
Copies 


20  commander 

Defense  Documentation  Center 
ATTN:  TIPCR 
Cameron  Station 
Alexandria,  Virginia  2231b 


No.  of 

Copied  Qtr.nnly.uUnn 

1  CotnmumJ.au  L 

Ir.duo trial.  College  »!'  u''  A 
For end 

Fort  I/.-u.tuy  J-  McNair 
Washington  N.  C. 


1  Director 

Advanced  Research  Projects  Agency 
ATTN:  Dr>  Charles  Bates 
Washington,  D.  C.  20501 


Director 

IDA/Wcanon  ilyu  i.*atuJ  Mva  I  hhI.1 ■  m 
Group 

Room  Wtit'j,  Tin'  Pentagon 
Washington,  D.  C.  i-'O.U'y 


3,  Commandant 

Armed  Forces  Staff  Cu liege- 
ATTN:  Library 
Norfolk  11,  Virginia 

12  Chief,  Defense  Atomic  Support 
Agency 

Washington,  D.  0.  £0301 

lh  Commanding  Generu] 

Field  Command 

Defense'  Atomic  Support  Agency 
Sand ia  Base 
P.  0.  Box  5100 

Albuquerque,  New  Mexico  0(1.1; 


Mu i,l  cual  War  College 

VFl'N:  Class  I  I'l eil  H"<:oi'd  h'1'""" 

Washington  <■';>  B-  C. 

Director 

Of  i'l  ee  .if  Civ  1  1.  D-I'diir 
Mobil 

A  Til  l :  Mr.  F.  0.  All"n 
Hattie  Creel'. ,  Michigan 

3  Command  'nr,  (J'.'i h.- f><- 1 

U.  !i.  Army  Materiel  C"mn""d 

ATTN :  AMCRD-Ul-'-h 

Wush I rigton,  1).  0.  dO'd.p 


;  Commanding  General 
Field  Command 

Defence  Atomic  Support  Agency 

ATTN:  FCWT 
FCTG 
Sand  la  Base 
P.  0.  Box  51-00 

Albuquerque,  New  Mexico  til  115 

1  Director  of  Defence  Research 
and  Engineering 
ATTN:  Technical  Library 
Washington,  D.  C.  £0301 

1  Secretary  of  Defense 

Installations  and  Logistics 
Ami:  Mr.  Jolm  T.  Lynch 
Washington  25,  D«  C. 


Command  I  ng  Oenerul. 

U.  0.  Army  Materiel.  C'  ■nimu.r,,l 
ATWt:  AMCIS-SK-FS,  Col.  |,,,: 
Wash  I rig  ton,  D.  0.  20  fit 

v  Commanding  General 

U.  S .  Army  Mater!-- 1.  Comioe,u 

ATfN :  AMCRD-N 

Washington,  D.  0.  <’(>i  15 

1  Commanding  OIT leer 
P *, f. : ; *.y  Ai'ti'MiM  i 
ATTN:  uRJJhb-TK 
Dover,  New  *1  - ■  r 1 1 e.v  1  ii'd.’ ! 


Preceding  Pa9e  Biank 


DISTRIBUTION  LIST 


No.  of  ■  . .  No.  of 

Coplca  Organlzati'.  r.  Coplcc  Organ  i.xa ltun 


1  Coffiiiiandirig'  General 
,  ATTN: ORDBS-OM-W 

Whit*  Sando  Mien  lie  Range 
New  Mexico  .  83002 

.1.  Commanding  General 

U.  S.  Army  Chemical  Corpo 
R&D  Command 
Wanhington  25,  D.  C. 

1  Commanding  Officer 

U.  3.  Army  Chemical  RftD 
Laboratories 

ATTN:  Technical  Library 
Edgowood  Aroenal,  Maryland  21010 

2  Chief  of  Engine or o 
ATTN:  EHGNB 

ENGEB 

Department  cf  the  Army 
Washington  25,  D,  C. 

1  Commanding  General 

U.  3.  Army  Engineer  K&D 
Laboralorlco 
ATTN:  STINFO  Branch 
Fort  Belvolr,  Virginia  .iiiOOO 

1  Commanding  General 

Engineer  R&D  Laboratories 
ATTN:  Chief,  Technical  Support 
Branch 
U.  3.  Army 

Port  Belvolr,  Virginia  22060 

1  Commanding  General 
The  Engineer  Centor 
ATTN:  Aoot.  Commandant, 

Engineer  School 
Port  Belvoir,  Virginia  22o6o 

,1  1) f'-r  lor 

Wuterwayo  Experiment  Station 
ATTN:  Llbrarv 
P.  0.  Box  031 
Vlckoburg,  Mina Loolppl 


1  ouiiimand  i.ng  Gonc-rui 

U.  3.  Army  Elec tronl.cn  Rcn'-arrii 
Dcve.l.nj>men  t  Lalio  ra It ' ry 
ATTN:  Technical  D  ocumonlu  Ci-u t 
Eva no  Area 

Fort  Monmouth,  Now  Jersey  OYYQ 

1  Commanding  Officer 

Tranuportat Ion  R&B  Command 
ATTN:  Chief,  Technical 

In  forma  1. 1  on  Divio!  on 
Port  Euiifl.n,  Virginia  l 1  If >0>i 

1  Command ing  General 

U.  3.  Army  Combat  l>*v« 

>>  Command 
ATTN:  CDCMH 
Fort  Bel, voir,  Virginia 

1  Command  i.r.g  Officer 

-  U.  S.  Army  Combat  l> •  v t *’L» > | in>-i  1  *  n 
Command  Nuclear  Gimu|, 

ATTN:  Cl  water  I.  Peter.:.,.:. 

Fori.  1)1.1  ii, "1,  Texan  Y‘y> >0( > 

].  I’reij  l.don  1, 

U.  !).  Army  Air  befeni.ie  Board 

Fort  Bl.liuj,  Texan  Y‘)!XF> 

1  Commandant 

U.  3.  Army  All’  lJefeniie  llrbonl 

ATTN:  Command  ft  Gtafl’  !»•  •  1  v.  r  . . . 

Fo,l  JJ1 .1.130,  Texuu  r)[)0(i 

1  Comma:  ulant 

Army  War  Col.l.og-- 
ATTN:  Library 

Car  l. I.u.ie  Barrack::,  I'entii'.y  lvanla 

1  Commandant. 

Command  ft  General  Gi.aff  t.t . :  i< 
ATTN:  Archive:: 

Fort  Iieavenwurtb.,  Knu.-'r-u 


DISTRIBUTION  LIST 


of  '  ;  ■ 

eg,  Organization 

1  Chief  of  Research  and  Development 
ATTN : ; -  DIR/ Special  Weapons 
Department  of  the  Army 
Washington,  D.  C.  20310 

1  Chief,  Bureau  of  Naval  Weapons 
ATTN:  DLI-3 

Department  of  the  Navy 
Washington,  D.  C.  203v0 

3  Commander 

U.  3.  Naval  Ordnance  La, bora  Ivor  i  cs 
ATTN:  EA 
KU 
E 

White  Oak 

Silver  Spring,  Maryland  20910 

2  Commander 

U.  S.  Naval  Ordnance  Teot  Station 
ATTN:  E.  A,  Zoitlin,  Code  I15H19 
China  Lake,  California  9355” 

1  Superintendent 

U.  3.  Naval  Postgraduate  School 
Monterey,  California  93900 

1  ’  Director 

U.  0.  Naval  Research  Laboratory 
Washington,  D.  C.  20390 

1  Chief  of  Naval  Research 
ATTN:  Code  8ll 
Department  of  the  Navy 
Washington  25,  D.  C. 

3  Chief  of  Naval  Operations 
ATTN:  OP-75  (2  eyo) 

0P-03E0  (1  cy) 

Department  of  the  Navy 
Washington,  D.  ,C.  20360 


No.  of 

Copies  Organ!  zat,  ton 

3  Chief,  Bureau  of  Shl.pa 
ATTN:  Code  372 
Code  H23 
Code  SOIL 

Department  01  the  Navy 
Washington,  D.  C.  20300 

2  Chief,  Bureau  of  lanlu  ami  Dorks 

ATTN:  D-!|00 
D-HtO 

Department  of  the  Navy 
Was king  ton  25,  D.  C. 

1  Director  of  Nuvu.l.  Intelligence 

N  ATTN:  0P-922V 
Department  of  flu;  Navy 
Washington  25,  D.  C. 

1  Commanding  Officer  and  Director 

.  U.  3.  Naval  Civil  ling  I  n-er  I  nr  l.ah 
ATTN:  Code  1.51 
Port  Iluen.Oine,  California 

1  Commanding  Officer 

Up  3.  Naval  Drwmi.gr>  Control. 

Training  Center 
ATTN:  ABC  Defense  Course 

Naval  Base 

VhLladelpli  la,  Penney  Ivan  ia 

1  Commanding  Officer  and  Director 

U.  3.  Naval.  Electronics  I  At><>rat.<<r,y 
San  Diego  52,  California 

1  Commanding  Officer 

U.  3.  Naval  Radiological  Defeiw 
Labora  tory 

ATTN;  Technical  XnformaUnn  Div. 
San  Francisco,  California  yli  I 

1  Commanding  Officer  and  1)1  rector 

David  W,  Taylor  Model  Basin 
ATTN:  Library,  Code  Oh:.' 

Washington  7,  I).  C.  ."'oooY 


DISTRIBUTION  LIST 


No.  Sf  'v. 

Copies  Organization 

‘  1  Commanding  Officer 

U.  S.  Naval  Schools  Command 
V  U.  S.  Naval  Station 

Treasure  Island 
San  Francisco,  California 

1  Off iccr-in-Charge 
U.  S.  Naval  School 
Civil  Engineer  Corps  Officers 
U.  S.  Naval  Construction 
Battalion  Center 
Port  Hueneme ,  Californio. 

1  President 

U.  3.  Naval  War  College 
Newport,  Rhode  Island 

1  Commanding  Officer 

Nuclear  Weapons  Training  Center, 
Atlantic 

ATTN:  Nuclear  Warfare  Depar trr.cn ; 
U.  S.  Naval  Base 
Norfolk  11,  Virginia 

2  Commanding  Officer 

Nuclear  Weapon*)  Training  Center, 
Pacific 

U.  3.  Naval  Air  Station 

North  loland 

Gan  Diego  33?  California 

l|  Commandant 

U.  3.  Marine  Corps 
ATTN:  Code  A03N 
Washington,  D.  C.  20jS0 

2  Commander 

Air  Force  3yctemo  Command 
ATTN :  3CRWA 
3CTWMB 
Andrews  AFB 

Washington,  D.  C.  20331 


No.  of 

Copies  Organlr.at  Ion 

1  Commandor 

Ballistic  Systems  Division  (AF3C) 
Norton  AFB,  California  92JiOO 

3  Commander 

Air  Proving  Ground  Center 

ATTN:  POAPI 

Eglin  AFB,  Florida  325>i2 

Of  Interest  To: 

POTWR 

PGTW 

>1  AFCRL 

L.  G.  Ilanscom  Field 
ATTN:  CRQ3T-2 

Bedford,  Massachusetts  017 3.1. 

'■  1  AFWL 

ATTN:  Technical  Information 
Division 

Kl.r  Hand  AFB,  New  Mexico  117117 

1  AUL  (3T-AUI,-6o-i.i.H) 

Maxwell  AFB,  Alabama  3f  >1.1.2 

1  APWTC 

ATTN:  Mr.  II.  0.  Leltifner 
Patrick  Air  Force  Base 
Florida  32023 

].  RADC 

ATTN:  Mr.  John  lln Lxm i i w '■  ■  r* 

Griff  La  s  AFB 

Rome,  Now  York  131)1*2 

1  ASD  (A3AFRL) 

Wright-Put terson  AKU 
Ohio  45))33 

1  AFIT  (MCL1-J.THIDL) 

Wr  i  gl  > t -Pat te rs on  AFB 
Ohio  1)5H33 


Reproduced  From 

BestAva/lable  Copy 


20 


DISTRIBUTION  LIST 


No.  of  No.  of 

Copies  Organization  Copies  OrganUulloi •. 


1  Headquarters ,  USAF 

ATTN:  Al'TAC 
Washington,  D.  C.  20320 

1  Headquarters,  USAF 
ATTN:  AFRDC 
Washington,  D.  C.  20330 

1  Headquarters,  USAF 
ATTN:  AI’CIN-3K2 
Washington,  D.  C.  20330 

■1,  Director  of  Civil  Engineering 

USAF  N 

ATTN:  AFOCE 
Washington,  D.  C.  20330 

1  Deputy  Chief  of  Staff,  Plano 
and  Programs 

ATEN:  War  Plans  Division 
USAF 

Washington,  D.  C.  20330 

1  Director,  Project  RAND 

Department  of  the  A.lr  Force 

1700  Main  Street 

Santa  Monica,  California  904o6 

l  Director 

National  Aeronautics  &  Space 
Administration 
Langley  Roseai’ch  Center 
-  ATTN :  Mr .  John  Stack 
Langley  Field,  Virginia  23365 

1  Scientific  S  Technical  Information 
Facility 

ATTN:  NASA  Representative 
(3-AK-DL) 

P.  0.  Box  5700 
Bethesda,  Maryland  20014 


1  Superintendent 

Eastern  Experiment  Station 
U.  3.  Bureau  of  Minna 
ATTN:  Dr.  Leonard  Obert 
College  Purk,  Mur.vlund 

2  U.  3.  Atomic  Energy  Comm  let:  !cn 
Class  if  led  Teclmi.eul  L  LI)  rur.y 
Tectinical  Information  Service 
ATTN:  Mrs.  Jean  O'Leary 

Dr.  Paul  C.  Fine 
Washington  25,  I).  C. 

1  U.  3.  Atomic  Energy  Comm  I :;n  ! <  >n 
3und  l.a  CorjKirat  Ion 
P.  0.  Box  5*1 00 

Albuquerque,  New  Mexico  371  I/. 

.1.  U .  0 .  A  tom  I.  c  Ene  rgy  Comm  Inn  Inn 
Loo  Alamos  Sel.eiif!  fl.e  Lnbornfo 
ATTN:  Reports  jjl.nrar !.mi  for 
Dr.  AJ.vLn  C.  Oruver, 

P.  0.  Box  .1/163 

Loo  Alamos,  New  Mexico  67544 

1  President 

Sandia  Corporal l.un 
ATTN:  Class  !  f  I  «.<l  Document  Div 
for  M.  Ii.  M.'t'rl  ft 
Sand  .la  Base 

Albuquerque,  New  Mexico  P.71  1 5 

1  University  of  Ca'I.  Tom  la 
Lawrence  Rad  Lai.  I  on  Lab. 

ATTN:  Clovis  Craig,  T--Hin  i ea ! 

Informul.  Ion  Dl  v  i  s  i  >  <n 
P.  0.  Box  603 

Livermore',  California  0.V.51; 

.1  Research  Anal.ya  In  (i ,>r po ra fl on 

ATTN:  Library 
McLeun,  VIrgiiila  . 'I’l.oi 


DISTRIBUTION  LIST 


*.  - 

JTOi  of 
: Copica 


'  Organization  ■ 

Armour  Research  Foundation 
Illinois  Institute  of 
■  Technology  Center 
ATTN:  Dr.  Eugene  Savin 
Chicago  1(3,  Illinois 

Bell  Telephone  Laboratories, 
ATTN:  Mr.  ’T.  Oreaeltt 
whlppany  Road 
Whlppany,  Ncv  Jersey 

The  Boeing  Airplane  Company 
ATTN:  Mr.  R.  H.  Carlson 
P.  0.  Box  3707 
Seattle,  Washington 

Holmes  St  Narvor,  Inc. 

Special  Projects  Division 
ATTN:  Mr.  Sherwood  B.  Smith 
8U9  South  Broadway 
Lou  Angeles  It,  California 

Dr. -Walker  Bleakncy 
Palmer  Physical  Laboratory 
Princeton  University 
Princeton.  New  Jersey 

Dr.  Robert  Hansen 
Massachusetts  Institute  of 
Technology 

Divio  ion  of  Industrial 
Cooperation  ■" 

77  Massachusetts  Avenue 
Cambridge,  Massachusetts 

Dr.  Nathan  M.  Newmark- 
Un, Ivors Ity  of  Illinois 
Talbot  Laboratory,  Room  207 
Urbans,,  Illinois 


Inc. 


No.  of 

Copies  Organ  l  km.  t  Ion 

1  University  of  Michigan 

Institute  of  Science  ft.  T'-olijioi,,; 
ATTN:  Mr.  (Jordon  Fran!, I  ! 

T.  0.  Box  6.10 

Ann  Arbor,  Michigan  tM.l.Ot 

1  Southwest  Research  lint l.i  !.u !.<■ 
ATTN :  Mr.  Mureun  L.  Wifi,  t.n  rid 
8[J00  Culebm  Road 
Sun  Antonio  f>,  Texas 

>i  Australian  Group 

c/o  Military  Attache 
Ana brul.lun  KmUissy 
2001  Connect, tout  Avenue,  N.  W. 
Wash l.ngbon,  D.  C.  I'POu'l 

0  The  Scientific  Informal  .Ion  OlTii 
Defence  Research  Staff 
Drib  loll  Embassy 

3.I.OO  Massachusetts  Avenue,  II.  w. 
Washington,  D.  C.  FOODS 

l|  Defence  Reseureh  Meml.iei' 

Canaitlan  Joint  Staff 

2t30  Man  an  eli  use  1 1  •  Avenue,  N.  w. 

Was hlng l,,|ii,  B.  C.  SoooS 

Aberdeen  Proving  Ground 
Chief,  Till 

Air  Force  Liulson  Office 
Murine  Corps  Liaison  Office 
Navy  Liu  I  non  Office 
CDC  Liaison  Office 

D  ft  rs  Branch  LLbrury 


1  Dr.  Carl  Kiss linger 
St.  Louis  University 
221  North  Grand 
Si.  Louis.  Missouri 


S,,96,„>0» 


